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Abstract. After the release of the PLANCK data, it is evident that inflationary paradigm has stood the test of time. Even though, it
is difficult to realise inflationary paradigm in a particle physics model as the present observations have ruled out the simplest quartic
and quadratic inflationary potentials, which generically arise in particle physics. We would show that such simplest inflationary
potentials can evade discrepancies with observations, if the inflaton field is assisted by another scalar during inflation. Moreover,
unlike other multifield models, our model yields no isocurvature perturbations and negligible non-Gaussianity, making it more
compatible with the present data. Above all, our model can also be realised in the framework of SUGRA.
INTRODUCTION
Inflationary paradigm [1], which has become an integrated part of modern cosmology, is a very early phase of the
evolutionary history of our universe, during which the universe had expanded exponentially. Such exponential expan-
sion is governed by the slow-roll of a scalar field along its potential, which takes place when the energy density of
the scalar field dominates over its kinetic energy. This scalar field is dubbed as the inflaton field, which is a quantum
field. The slow-rolling of the inflaton field along its potential during inflation is an important criteria for inflationary
dynamics which helps end inflation once the slow-roll seizes, and enter into the standard radiation domination phase
of big bang universe. Being a quantum field, the inflaton field generates perturbations both in the matter field and in the
background gravitational field. While such primordial perturbations of scalar and tensor types grow during inflation,
the vector perturbations decay fast, and thus are of no observational consequences. The slow-roll dynamics of infla-
tion renders a nearly scale invariant power spectrum (two-point correlation function), and negligible non-Gaussianity.
This single field slow-roll inflationary model is in very good agreement with observations as the recent PLANCK
observation show the scalar spectral tilt is ns = 0.9666 [2] (ns = 1 represents perfect scale invariance) and negligible
non-Gaussianity fNL ∼ 0. Presence of more than one scalar field during inflation gives rise to isocurvature pertur-
bations (quantum perturbations generated by presence of other scalar fields during inflation), which is also being
constrained by PLANCK observations very stringently. On the other hand, the ratio of tensor power spectrum ampli-
tude with that of scalar one, known as the tensor-to-scalar ratio, is constrained by PLANCK+BICEP2 observation as
r0.05 < 0.07 (95% CL) [3].
Despite its tremendous success with observations, little is known about the particle physics nature of this inflaton
scalar. Also, the slow-roll of the inflaton during inflationary period requires a very flat potential structure. The generic
particle physics scalar potentials, quadratic m2φ2 and quartic λφ4, lead to very large tensor-to-scalar ratio, r ∼ 0.13
and r ∼ 0.26 respectively. Thus such simple particle physics scalar potentials are ruled out by observations. We would
show here that including another scalar field during inflation in a specific way, would help accommodating quartic
and quadratic potentials of the inflaton field and such a model can be realised in a SUGRA model [4].
THE MODEL AND ITS PREDICTIONS
We deal with a model where there are two scalar fields : the inflaton field φ is assisted by a dilaton field σ. The action
of the model can be generically written as
S =
1
2
∫
d4x
√−g
[
R − ∇µσ∇µσ − e−γσ∇µφ∇µφ − 2e−βσV(φ)
]
, (1)
where we would treat β and γ parameters independently. We define the slow-roll parameters for both the fields in a
usual way :
ǫφ ≡ 1
2
(
V ′(φ)
V(φ)
)2
, ηφ ≡ V
′′(φ)
V(φ)
,
ǫσ ≡ 1
2
(
Uσ
U
)2
=
β2
2
, ησ ≡ Uσσ
U
= β2, (2)
To ensure the smallness of the slow-roll parameters we demand that the Hubble slow-roll parameter ǫH ≡ − H˙H2 ≪ 1
during inflation, where H is the Hubble parameter. We notice that
ǫH = ǫσ + e
γσǫφ, (3)
which implies that ǫσ ≪ 1 and eγσǫφ ≪ 1. This implies that γ ≪ 1/β.
Analysis of the scalar and tensor perturbations of this model yields the scalar and tensor power spectrum
PR = H
2
8π2ǫH
,
PT =
8H2
4π2
, (4)
respectively. The tensor-to-scalar ratio, the scalar spectral index and the isocurvature power spectrum would turn out
to be
r = 16ǫH ,
ns − 1 ≃ A
[
(2ηφ − 6ǫφ)e2γσ − β(2β + γ)eγσ
]
− Bβ2,
PS = H
4
π2
[
βe−γσφ˙V(φ) + σ˙V ′(φ)
]2
e(2β−γ)σ(σ˙2 + e−γσφ˙2)3
, (5)
where A = ǫφ/ǫH and B = ǫσ/ǫH . But the isocurvature perturbations vanishes identically upto first order in slow-roll
parameters.
Figure 1 shows the ns − r plot for quadratic and quartic potentials of the inflaton field according to this model.
One can see that for certain parameter ranges of γ and β the model predicts much lower tensor-to-scalar ratio while
being in accordance with the scalar spectral index observed value.
THE CORRESPONDING NO-SCALE SUGRA MODEL
We consider the potential and kinetic term of the supergravity action as [5]
V = eG
 ∂G∂φi Kij∗
∂G
∂φ∗
j
− 3
 , LK = K j∗i ∂µφi∂µφ∗j, (6)
where Ki
j∗ is the inverse of the Ka¨hler metric K
j∗
i
≡ ∂2K/∂φi∂φ∗
j
. We consider the Ka¨hler potential of the following
form
K = −3 ln[T + T ∗] + bρρ
∗
(T + T ∗)ω
, (7)
ì Β=.055, Γ=.1-1.3
ì Β=.045, Γ=.1-1.8
ì Β=.035, Γ=.1-2.6
ì Β=.025, Γ=.1-4.4
ì Β=.065, Γ=.1-1.0
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FIGURE 1. ns vs r plot for quadratic and quartic potential of inflaton. We have taken ∆N = 60 and σ0 = 0.1. In both the figures,
the range of values of γ increases along the curves from top to bottom. It is also manifest that as the values of β and γ go to zero,
ns and r values converge to standard slow-roll inflation predictions.
here T is the two component chiral superfield whose real part is the dilaton and imaginary part is an axion. We identify
axion as the inflaton of the model, and ρ is an additional matter field with modular weight ω. The dynamics of the
model ensures that the ρ field decays very fast which leaves us with the inflaton and the dilaton field. Therefore for
vanishing ρ, the scalar potential and kinetic term (6) takes the simple form (the ω will sustain from the form of K
j∗
i
even after the ρ field vanishes)
V =
λ2mT
mT ∗m
b(T + T ∗)3−ω
, LK =
3∂µT∂µT
∗
(T + T ∗)2
, (8)
which upon using the decomposition of T becomes
LK = 1
2
∂µσ∂µσ +
1
2
e−γσ∂µφ∂µφ, (9)
V =
2ω−3λ2m
b
e−βσ
[
eγσ +
2
3
φ2
]m
, (10)
where γ = 2
√
2/3 ≃ 1.633 and β = (3 − ω)√2/3. The prediction of this model is shown in Figure 2 which depicts
that the model is well in accordance with observations.
CONCLUSION
We show that if inflaton is assisted by a dilaton field during inflation then the quartic and quadratic potentials can
be accommodated within the present observations. Such a two-field inflation model can also be realised in no-scale
SUGRA models.
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